Background/Aims: PD-L1 (Programmed cell death 1 ligand 1, PD-L1), an essential immune checkpoint molecule in the tumor microenvironment, is an important target for cancer immunotherapy. We have previously reported that its expression in human gastric and esophageal cancer tissues is significantly associated with cancer progression and patients' postoperative prognoses. Its expression in cancer cells is well known to inhibit the T cellmediated anti-tumor response, and this mechanism of action has been targeted for cancer immunotherapy. As of now, the autonomous effect of PD-L1 on cancer cells is not well understood, thus our present study aimed to examine the role of PD-L1 intervention in cellular biological functions, especially epithelial to mesenchymal transition (EMT), of the human esophageal cancer cell line, Eca-109 cells. Methods: Immunohistochemistry assay was used to investigate the correlation between expression of PD-L1 and EMT markers in human esophageal cancer tissues. Intervention of PD-L1 by using RNAi and over-expression methods were used to study the role of PD-L1 in regulation of biological behaviors and EMT in Eca-109 cells. Results: Our clinical and pathological data demonstrated that tumor samples in the EMT positive subgroup had higher PD-L1 expression than those in the EMT negative subgroup. By manipulating PD-L1 expression in Eca-109 cells either through ablation or overexpression of wild type and the cytoplasmic domain-truncated mutant, we demonstrated that PD-L1 expression significantly promoted the cell viability, migration and EMT phenotype. Furthermore, our study also indicated that PD-1 fusion protein mediated stimulation of PD-L1 and the cytoplasmic domain of PD-L1 played a critical role in promoting EMT phenotype of Eca-109 cells, thereby suggesting that PD-1 receptor usually by triggering the reverse signaling can effect PD-L1 mediated regulation of esophageal cancer cell response. Conclusion: Our present study reveals a tumor cell-autonomous role of PD-L1 signaling in promoting EMT in human esophageal cancer.
Introduction
PD-L1, also known as B7-H1 or CD274, is an essential immunomodulatory ligand from the B7/CD28 family. It negatively regulates T cell activation and effector function by interacting with its receptor, PD-1, expressed on T cells. Thus, it plays an important role in dampening the T cell mediated anti-tumor immune response [1, 2] . Numerous studies have shown that many human cancers display PD-L1 over-expression, and that its expression is significantly associated with patients' clinical parameters and postoperative prognoses [3] [4] [5] . In addition, multiple clinical studies have demonstrated that PD-L1 blockade can significantly inhibit tumor progression and improve patient prognosis in many advanced cancers, including melanoma, gastric cancer, non-small-cell lung cancer, ovarian cancer, renal cell cancer and so on. Thus, these studies have highlighted that anti-PD-L1 therapy holds great promise for the treatment of human malignancies [6, 7] .
Outside of the negative regulation associated with PD-L1 expression in the T cellmediated anti-tumor response, the contribution of PD-L1 expression in regulating the biological behaviors of the tumor cells themselves, such as proliferation, apoptosis, migration and resistance to chemo/radio-therapy, is still not clearly understood [8] [9] [10] [11] [12] [13] [14] . Our recent study has shown that knockdown of PD-L1 expression in the human gastric cancer cell line, SGC-7901, could significantly suppress cell proliferation, migration and tumor growth in the subcutaneous transplantation mouse model [15] . Similarly, in human colorectal cancer, the study by Shi et al. demonstrated that positive PD-L1 expression is an independent predictor for cancer patients' prognoses, and its knockdown can inhibit cell proliferation and migration [16] .
Interestingly, there is also compelling evidence concerning the role of PD-L1 in promoting epithelial to mesenchymal transition (EMT) as well as initiation and maintenance of cancer stem cells [17] [18] [19] [20] [21] . For instance, a study carried out by Alsuliman et al. indicated that induction of epithelial to mesenchymal transition in human mammary epithelial cells up-regulated PD-L1 expression mainly through activation of the PI3K/AKT pathway [10] . In another study, it was shown that PD-L1 expression could induce epithelial-to-mesenchymal transition in renal cell carcinoma by activating the transcription factor SREBP-1c [22] . Notably, the survival analysis in the TCGA database confirmed that prognoses were better for PD-L1 + /EMT -patients than for PD-L1 + /EMT + patients with human head and neck squamous cell carcinoma [23] . In our previously published studies, we have separately identified PD-L1 expression and EMT as important prognostic factors in human esophageal cancer [24, 25] . Nevertheless, the correlation between the abnormal expression of PD-L1 and EMT status in the progression and metastasis of human esophageal cancer still remains elusive.
In the current study, we have specifically focused on establishing the correlation between PD-L1 expression and EMT status in human esophageal cancer tissues, and further investigated the role of PD-L1 in regulating the EMT phenotype in the human esophageal cancer cell line, Eca-109. Our immunohistochemistry results indicated that higher PD-L1 expression was correlated with positive EMT status in contrast to negative EMT status. Using various cellular models including PD-L1 knockdown and overexpression of wide type as well as cytoplasmic domain truncation of PD-L1 in human esophageal cancer cell line Eca-109, we demonstrated that intervention of PD-L1 expression could significantly alter biological behaviors including cell viability and EMT phenotype. In addition, by PD-1 fusion protein stimulation, we also showed that the cytoplasmic domain of PD-L1 plays a critical role in regulating the EMT phenotype of Eca-109 cells. 
Materials and Methods

Patients and tissue samples
Immunohistochemical staining and analysis
The immunostaining of PD-L1, E-cadherin and vimentin proteins in human esophageal cancer tissues was performed according to our previously published protocol [24, 25] . First, the paraffin-embedded tumor tissue blocks were cut into serial 3-µm-thick sections, dewaxed using xylene, and rehydrated and graded in ethanol solutions. Next, antigen retrieval was performed by heating the tissue sections at 100°C for 30 min in a citrate solution (10mmol/L, PH 6.0), and after cooling of the sections, they were immersed in 0.3% hydrogen peroxide solution for 15 min to block endogenous peroxidase activity. This was followed by rinsing sections in PBS for 5 min and blocking with 3% BSA solution at room temperature for 20 min. Subsequently, the sections were incubated with rabbit anti-human PD-L1 polyclonal antibody, mouse anti-human E-cadherin monoclonal antibody, and mouse anti-human Vimentin monoclonal antibody, respectively, at 4°C overnight. The next day, the sections were incubated with HRP-labeled goat anti mouse/ rabbit secondary antibody, and diaminobenzene was used as the chromogen and hematoxylin as the nuclear counterstain. Finally, the sections were dehydrated, cleared and mounted.
All slides were examined independently by two senior pathologists who were blind to the patients' clinical parameters. The immunostaining intensities of PD-L1 and E-cadherin were assessed according to the H-score method, as described previously [26, 27] : H-score = (% tumor cells unstained x0) + (% tumor cells stained weak x1) + (% tumor cells stained moderate x2) + (% tumor cells stained strong x3). The H-scores ranged from 0 (100% negative tumor cells) to 300 (100% strong staining tumor cells). To evaluate vimentin staining, the ratio of vimentin positive cells within all cancer cells was calculated and the positive rate was recorded. The scoring results from the two pathologists for each protein were averaged and used for statistical analysis.
Cell culture
The human esophageal cancer cell line, Eca-109 was purchased from Chinese Academy of Sciences, Shanghai Institutes for Biological Sciences (Shanghai, China), and was cultured in RPMI1640 media, and was supplemented with 10% FBS in the presence of benzylpenicillin (100 U/ml), streptomycin (100 μg/ ml) and 2 mM L-glutamine. The cells were incubated under standard culture conditions (5% CO 2 , 37 0 C).
RNAi lentivirus generation, infection and cell sorting
The human esophageal cancer cell line Eca-109 was used for the knockdown expression of PD-L1. The small hairpin RNA (shRNA) against the human PD-L1 gene (NM_014143.2; GenBank) was obtained from Shanghai GeneChem Co. Ltd (Shanghai, China), and cloned into a lentiviral gene transfer vector encoding green fluorescent protein (GFP). The two following shRNA target sequences against PD-L1 were used. shRNA-1: 5'-GACCTATATGTGGTAGAGTAT-3', and shRNA-2: 5'-CGAATTACTGTGAAAGTCAAT-3'. The recombinant PD-L1 targeting lentivirus (LV-PD-L1-shRNA virus) and control mock lentivirus (LV-NC virus) were prepared and transfected in to Eca-109 cells. Later, the infected cells were analyzed by flow cytometry (Canto II, BD, USA). Positive cells were sorted using a GFP tag in an Aria II flow sorter (BD Bioscience, NJ, USA). The positive sorted cells were then named LV-PD-L1-shRNA-1, LV-PD-L1-shRNA-2, and LV-NC.
Construction of PD-L1 over-expression in Eca-109 cells
To generate full-length and truncated PD-L1, the gene fragments were synthesized by Sangon Biotech Shanghai Co., Ltd. (Shanghai, China) and amplified by PCR. The primers were designed as follows: Forward primer of full length PD-L1: 5'-TAGAATTCATGAGGATATTTGCTGTCTT-3'; reverse primer of full length PD-L1: 5'-TAGGATCCTTACGTCTCCTCCAAATGTG-3'; forward primer of cytoplasmic domain truncated PD-L1: 5'-TAGAATTCATGAGGATATTTGCTGTCTT-3'; reverse primer of cytoplasmic domain truncated PD-L1: 5'-TAGGATCCTTATTTTCTTAAACGGAAGA-3'.The PCR fragment was subcloned into the EcoRI and BamHI sites in the pLV-IRES-ZsGreen-T2A-puro vector (Promega Biotech Co., Ltd., Madison, WI, USA).
Then the Eca-109 cells were transfected with the recombinant lentivirus and sorted using a GFP tag. The positive sorted cells were then named LV-PD-L1-WT-OE (Eca-109 cells over-expressing wild type PD-L1), LV-PD-L1-TN-OE (Eca-109 cells over-expressing cytoplasmic truncated PD-L1), and LV-Vector-Ctrl (Eca-109 cells over-expressing vector control).
Real-time polymerase chain reaction (RT-PCR)
The mRNA expression of PD-L1 in different cellular models of Eca-109 cell line was quantified by RT-PCR. Total RNA from the cell lines was extracted by using TRIzol (Invitrogen) method, and PCR reactions were performed using the ABI 7600 system (Applied Biosystems, USA) according to the manufacturer's instructions. Primer sequences for the detection of the reference gene (GAPDH) and the target gene (PD-L1) were synthesized as follows: human GAPDH forward primer: 5'-TGACTTCAACAGCGACACCCA-3', human GAPDH reverse primer: 5'-CACCCTGTTGCTGTAGCCAAA-3', intracellular fragment of human PD-L1 forward primer: 5'-TACCTCTGGCACATCCTCCA-3', intracellular fragment of PD-L1 reverse primer: 5'-ACGTCTCCTCCAAATGTGTATCA-3', extracellular fragment of human PD-L1 forward primer: 5'-ACTGGCATTTGCTGAACG-3', and extracellular fragment of PD-L1 reverse primer: 5'-TCCTCCATTTCCCAATAGAC-3'. Data was analyzed by comparing expression using Ct (2-ΔΔCt) method, and values were expressed as fold change compared to GAPDH expression. The RT-PCR products for GAPDH and PD-L1 were also confirmed by electrophoresis using a 1.8% agarose gel containing 0.1% ethidium bromide.
Western blot analysis
The levels of PD-L1, E-cadherin, N-cadherin, Zeb1, Vimentin and GAPDH proteins in different cellular models were determined by western blot analysis. In brief, whole cell extracts were prepared from 1x10 6 cells using RIPA lysis buffer (50 mMTris/HCl pH 7.4, 150 mMNaCl, 1% Nonidet P-40, 0.25% Na-eoxycholate, 1 mM EDTA and protease inhibitor cocktail). Cells were lysed on ice for 30 min, and the lysates were collected in microtubes and centrifuged for 15 min at 12000 rpm/min at 4°C. After centrifugation, supernatants were collected and the protein concentrations were measured by using a BCA Protein Assay Kit (Beyotime, Jiangsu, China). Equal amounts of denatured proteins were separated by SDS-PAGE and transferred to PVDF membrane (Millipore). The membranes were later blocked by using 5% non-fat dry milk in TBS-T (20 mMTris, pH 7.4, 137 mMNaCl, 0.05% Tween-20) for 3 hours at room temperature, and then were incubated with primary antibodies overnight at 4°C. The next day, blots were washed and incubated for 1 hour with anti-rabbit or anti-mouse secondary antibodies and washed three times with PBST. Finally, immuno-reactive protein bands were detected using an Odyssey Scanning system (Li-Cor, Lincoln, NE, USA).
Cell viability assay
Cell viability was assessed by using Cell Counting Kit-8 (CCK-8, Beyotime, Shanghai, China), according to the manufacturer's instructions. The Eca-109 cells (5×10 
Wound healing assay
The role of PD-L1 in cell migration was evaluated by wound scrape assay. In brief, the different cellular models of Eca-109 cells were cultured in 6-well plates. A small wound area was created using a 200 µl pipette tip when each cell type had grown to a 90% confluent monolayer. Cells were subsequently washed twice with PBS and then incubated in serum-free RPMI-1640 media at 37°C in a 5% CO 2 incubator for 48 hrs. Photographs were taken at 3 different time points, 0, 24 and 48 hours. Wound width was measured using a BX50 microscope (Olympus ® ) with a calibrated eyepiece grid. Data from experiments done in triplicate was averaged and expressed as a percent of the original width.
Transwell assay
The co-culture system was also used to evaluate the influence of PD-L1 on the migration ability of Eca-109 cells, as described previously [28, 29] . The transwell assay was performed using Matrigel-coated invasion chambers (Corning, NY, USA). The cells (2x10 5 cells/well) from the six different groups were serum starved in the upper chamber for 24 hours. Next, medium containing 10% FBS was placed in the lower chamber as a chemo attractant. After 48 hours of incubation, cells that had migrated into the lower chamber were collected and resuspended, and non-migrating cells were removed from the top of the Matrigel with a cotton-tipped swab. Migrating cells were fixed and stained with 0.1% crystal violet and later photographed under a microscope (Olympus, Tokyo, Japan). Finally, the migrated cells were counted from five random fields.
Statistical analyses
Statistical analysis was completed using the paired Student's t-test, the Wilcoxon signed rank test, the Chi-square test or the Log-rank survival analysis where appropriate for final analysis of the data. The data are shown as the mean and range or mean±SD of three independent experiments. All the statistical analyses were performed using the GraphPad Prism 5.0 software package (GraphPad Software, Inc., San Diego, USA). A p-value of <0.05 represented significance.
Results
Correlation of PD-L1 and EMT markers (E-cadherin and vimentin) expression with human esophageal cancer patient's prognosis
In an effort to investigate the combined prognostic value of PD-L1 expression and EMT status in human esophageal cancer, we performed immunohistochemical staining of PD-L1 and EMT markers, E-cadherin and vimentin, in different human esophageal cancer tissues. As seen in Fig. 1A , immunostaining analysis of human esophageal cancer tissues showed that low/negative PD-L1 staining, positive E-cadherin staining and negative vimentin staining were identified in highly-differentiated esophageal cancer tissues. In contrast, positive PD-L1 staining, negative E-cadherin staining and positive vimentin staining were observed in poorly-differentiated esophageal cancer tissues. Based on EMT marker staining, we categorized all 99 tissue sections from esophageal cancer patients into two major subgroups; 1) EMT positive subgroup (n=60), including patients with E-cadherin negative/weak (H-score<50) and vimentin positive (positive rate>0) staining, 2) EMT negative subgroup (n=39) which included all other patients. Among these two groups, we observed that PD-L1 staining intensity was significantly higher in the EMT positive subgroup, as compared to the EMT negative subgroup (P=0.0314), as seen in Fig. 1B . Moreover, the survival analysis also indicated that the patients with lowPD-L1 (H-score≤15) and EMT negative status had better overall survival than those with highPD-L1 expression and EMT positive status (HR=2.876, 95%CI: 1.182~6.997, P=0.0199), as seen in Fig. 1C .
PD-L1 ablation and overexpression of wild type and cytoplasmic mutant in human esophageal cancer cell line Eca-109
To further investigate the role of PD-L1 in regulating the biological features of human esophageal cancer cells, we manipulated its expression in human esophageal cancer cell line, Eca-109. We stably ablated PD-L1 expression using two different shRNAs by lentivirus mediated infection of Eca-109 cells, (LV-PD-L1-shRNA-1 and LV-PD-L1-shRNA-2). The efficiency of infection was confirmed by detecting GFP expression via fluorescence microscopy (Fig. 2) . We also over-expressed wild type PD-L1 (LV-PD-L1-WT-OE) and PD-L1 truncated for cytoplasmic fragment (LV-PD-L1-TN-OE). The expression of PD-L1 was confirmed by both PCR methods in different cellular models. As seen in Fig. 3A , the mRNA expression level of the intracellular fragment of PD-L1 was reduced in both LV-PD-L1-shRNA-1 and LV-PD-L1-shRNA-2 cells in contrast to LC-NC cells, while it was increased in 
LV-PD-L1-WT-OE cells, but importantly did not change in LV-PD-L1-TN-OE in contrast to LV-
Vector-Ctrl cells. In addition, the mRNA expression level of the extra-cellular fragment of PD-L1 was also reduced in both LV-PD-L1-shRNA-1 and LV-PD-L1-shRNA-2 cells in contrast to LC-NC cells, while it was increased in both LV-PD-L1-WT-OE cells and LV-PD-L1-TN-OE in contrast to LV-Vector-Ctrl cells. GAPDH mRNA expression was used as control. We also confirmed the mRNA expression of both the intracellular and extra-cellular fragments of PD-L1 in different cellular models using a real-time PCR assay. As seen in Fig. 3B and C, we observed a similar mRNA expression pattern to the one explained above. Finally, we also checked the PD-L1 protein expression in these different cellular models by western blot. As shown in Fig. 3D , PD-L1 ablation by shRNA 1 and 2 (lanes 2 and 3) significantly reduced its expression as compared to the vector control (lane 1). Similarly, over-expression of wild type and cytoplasmic truncated PD-L1 showed significant up-regulation in comparison to LV-Vector-Ctrl. Fig. 3E shows the significant differences in the normalized protein expression of PD-L1 normalized to β-actin protein in different cellular models of Eca-109 cells. We also confirmed the surface expression of PD-L1 in these different cell types by flow cytometry (Fig. 3F) . F. Flow cytometric analysis of PD-L1 expression in different cellular models of Eca109 cells. "*" represents a P value of <0.05, "**" represents a P value of <0.01, and "***" represents a P value of <0.001. N.S. represents non-significant. D. Cell migration analysis of Eca109 different cellular models to assess the role of PD-L1 by wound healing assay. E. Panel E shows the relative migration distance in a bar graph which evaluated the quantitation of migration distances from multiple experiments. "*" represents a P value of <0.05, while "**" represents a P value of <0.01, and "***" represents a P value of <0.001. Fig. 5 . Analysis of the effects of PD-L1 expression on mRNA levels of EMT markers. RT-PCR based mRNA expression analysis of various EMT marker genes in the different Eca-109 cellular models. The relative expression data has been normalized against GAPDH mRNA expression. "*" represents a P value of <0.05, while "**" represents a P value of <0.01, and "***" represents a P value of <0.001.
L1-shRNA-2 groups in contrast to LV-NC group (P<0.05 respectively). Consistently, PD-L1 overexpression (LV-PD-L1-WT-OE group) significantly increased the number of migrated cells compared to cells from LV-PD-L1-TN-OE and LV-PD-L1-Vector-Ctrl groups.
Similarly, we also analyzed the role of PD-L1 in impacting the migration ability of Eca-109 cells by performing the wound healing assay. As seen in Fig. 4 D and E, 24 and 48 hrs after inducing the scratch, the cell-free area in cells over-expressing PD-L1 (LV-PD-L1-WT-OE) was significantly narrower than that of LV-PD-L1-TN-OE and LV-Vector-Ctrl groups, respectively. Consistent with this finding, cells with PD-L1 ablation (LV-PD-L1-shRNA-2) showed a significantly wider gap after scratch administration in comparison to control ablation (LV-Vector-Ctrl) group cells.
PD-L1 expression promoted EMT phenotype in Eca-109 cells
Next, we investigated the effect of PD-L1 on the EMT phenotype in Eca-109 cells by analyzing the expression of various EMT markers including E-cadherin, N-cadherin, Zeb1 and vimentin. Our RT-PCR based mRNA expression analysis of these genes (Fig. 5) revealed that PD-L1 ablation by both shRNAs (LV-PD-L1-shRNA-1 or LV-PD-L1-shRNA-2) increased E-cadherin expression (but only shRNA1 showed significant change), while its overexpression (LV-PD-L1-WT-OE) significantly reduced the expression, in contrast to LV-Vector-Ctrl and LV-PD-L1-TN-OE group Eca-109 cells. However, mRNA expression levels of N-cadherin, Zeb1 and vimentin were significantly decreased when PD-L1 was ablated with either of the shRNA (LV-PD-L1-shRNA-1 or LV-PD-L1-shRNA-2), in contrast to LV-NC, while PD-L1 overexpression (LV-PD-L1-WT-OE) significantly increased their expression in contrast to LV-PD-L1-TN-OE and LV-NC group Eca-109 cells. Overall, our data demonstrated that PD-L1 overexpression enhanced the mesenchymal markers (N-cadherin, Zeb1 and vimentin) and thus contributed to the EMT phenotype of Eca-109 cells.
Binding of exogenous PD-1 receptor fusion protein to PD-L1 promoted EMT phenotype
Herein, we tested if PD-1 receptor binding with PD-L1 has any effect on the PD-L1 mediated promotion of EMT in Eca-109 cells. We stimulated PD-L1 over-expressing Eca-109 (LV-PD-L1-WT-OE) cells with different concentrations of PD-1 fusion protein (recombinant human PD-1 Fc chimera) for 24 hrs, and as seen in Fig. 6A and B, cells treated with 1 and 5 µg/ml of PD-1 fusion protein showed significantly reduced E-cadherin protein expression in comparison to the no treatment group (Blank) or low concentration (0.5 µg/ml). However, the expression levels of N-cadherin and Zeb1 proteins were significantly increased upon PD-1 stimulation under both concentrations (1 and 5 µg/ml). Notably, the vimentin protein expression was significantly increased by all three different concentrations of PD-1 fusion protein, and normalized with GAPDH expression. "*" represents a P value of <0.05, while "**" represents a P value of <0.01, and "***" represents a P value of <0.001.
protein. Furthermore, changes in the mRNA expression levels of E-cadherin, N-cadherin, Zeb-1 and Vimentin genes in PD-L1 over-expressing (LV-PD-L1-WT-OE) Eca-109 cells treated with different concentrations of PD-1 fusion protein for 24 hrs were analyzed by RT-PCR. As seen in Fig. 6C , the mRNA expression patterns were consistent with expected changes as observed above in Fig. 6A and B.
We further extended our study to confirm the effects of PD-1 stimulation on PD-L1 mediated EMT promotion by using Eca-109 cells, either ablated with PD-L1 or overexpressing cytoplasmic truncated mutant. All cellular models were stimulated with 5µg/ml of either PD-1 fusion protein or IgG for 24 hrs, and the expression of different EMT markers was analyzed by western blot (Fig. 7A) . The expression levels of individual proteins were later normalized to GAPDH expression. As shown in Fig. 7B , the protein levels of E-cadherin in cells from LV-Vector-Ctrl, LV-PD-L1-TN-OE and LV-PD-L1-WT-OE groups were significantly reduced after PD-1 treatment (black bars, lanes 4, 5 & 6) , in contrast to corresponding IgG treatment (grey bars, lanes 4, 5 & 6) . But PD-1 treatment in cells with PD-L1 ablation (black bars, lane 2 & 3) did not show any effect, suggesting that effects are PD-L1 specific. However, the protein levels of N-cadherin and Zeb1 in LV-NC, LV-PD-L1-TN-OE and LV-PD-L1-WT-OE group cells significantly increased after PD-1 treatment in comparison to their IgG treated counterparts, as shown in Fig. 7C , while the effects were not evident in cells with PD-L1 ablation. Similar significant differences were observed in the expression patterns of Zeb1 and vimentin proteins after PD-1 stimulation in different cell types as compared to IgG stimulation (Fig. 7 D & E) . 
Discussion
Many recent studies have highlighted the critical role of PD-L1 in regulating the biological functions of cancer cells themselves, including cell proliferation, migration, metastasis, chemo/radio-resistance, and the promotion of epithelial to mesenchymal transition [9, 10, 18, 21, 23, [30] [31] [32] . It has been suggested that signal pathways such as JAK/ STAT1/IRF-1, MEK/ERK/STAT1 and PKD2 etc. were involved in the regulation of PD-L1 expression, and these pathways could initiate transcription factors including IRF-1, STAT1 or STAT3, which target the promoter of PD-L1 [33] [34] [35] . Meanwhile, the abnormal expression of PD-L1 in cancer cells could induce a series of cellular responses that are associated with the prevention of apoptosis, failure of chemo/radio treatment and immune clearance. We have also previously demonstrated that the level of PD-L1 expression could be used as an important prognostic predictor for esophageal cancer patients and its increased expression was significantly associated with increased tumor migration [24] . Moreover, in a separate study we also reported on the significant association between EMT status of human esophageal cancer patients and tumor migration, metastasis and postoperative prognosis [25] . But, the mechanistic link between the abnormal expression of PD-L1 in human esophageal cancer tissues and its contribution to the EMT phenotype still remains elusive. In the present study, we have investigated this correlation and the contribution of PD-L1 in regulating EMT using human esophageal cancer cell line Eca-109.
EMT is one of the critical steps in the early stages of cancer metastasis. During the physio-pathological process of EMT, epithelial cells interact with surrounding mesenchymal cells, and obtain certain mesenchymal phenotypes, including changes in morphology, polarity, surface markers, and related transcription factors [36] [37] [38] [39] [40] [41] . Once the cancer cells obtain mesenchymal phenotypes, they gain the ability to migrate into the stroma or migrate to distant sites and organs, and finally contribute to tumor metastasis and recurrence [42, 43] . In addition, numerous studies have also indicated that cancer cells undergoing EMT attain certain characteristics of cancer stem cells, which leads to chemo/radio resistance and tumor immune escape [44] . It is noteworthy that PD-L1 has been considered as an important mediator of EMT in certain human cancer tissues, such as lung cancer, colorectal cancer, and head and neck cancer [21] . In our present study, we have also confirmed this relationship between PD-L1 expression and EMT status in human esophageal cancer tissues, and this led us to probe deeper into the mechanism of PD-L1 mediated regulation of EMT in esophageal cancer cells.
To delineate this mechanistic contribution, we first established multiple cellular models using the Eca-109 esophageal cancer cell line, either by ablating PD-L1 or over-expressing its wild type or cytoplasmic truncated mutant. Using these different cellular models, we have been able to establish that PD-L1 significantly promoted cancer cell viability and migration. We also demonstrated that in Eca-109 cells, PD-L1 overexpression altered the expression of many EMT marker genes like E-cadherin, N-cadherin, Zeb-1 and Vimentin, which was consistent with EMT promotion. Thus, our data supported the hypothesis that PD-L1 is indeed involved in the malignant transformation of esophageal cancer cells and plays an important role in driving EMT.
To further uncover additional mechanistic details of the role of PD-L1 in influencing cellular functions of esophageal cancer cells, we used its cytoplasmic domain mutant. The cytoplasmic domain mutant has previously been shown to be involved in transferring a reverse signal to tumor cells from the PD-1 receptor on immune cells [45] . Our study confirmed that overexpression of this PD-L1 mutant on Eca-109 did not influence any of their cellular functions. Moreover, change in EMT markers (E-cadherin, N-cadherin, Zeb-1 and vimentin) was not observed upon PD-1 stimulation when the cytoplasmic domain mutant of PD-L1 was expressed. These experiments highlighted the importance of the cytoplasmic domain of PD-L1 in inducing signals to regulate various cellular functions. It has been demonstrated that the positive relationship between Zeb1 and PD-L1 expression in human esophageal cancer tissues, and the gene promoter region of PD-L1 also contains a
